Summary
The The relationship between glycogen stores in liver and skeletal muscle and the endurance exercise has been well documented (1 , 2) . Our recent investigations (3, 4) have been conducted to study the nutritional composition of drink or meal which can lead to a rapid repletion of liver and skeletal muscle glycogen stores following exercise in rats.
It has been also reported (5-7) that endurance performance can be increased by sparing muscle and liver glycogen by the use of free fatty acids (FFA) during exercise.
Glucose and many other carbohydrates which yield glucose molecules by hydrolysis are highly glycogenetic and useful for glycogen synthesis because they stimulate insulin secretion (8) . However, the administration of glucose is not always desirable with endurance sports, because glucose inhibits lipolysis which provides an important fuel, FFA, for contracting muscles (9 , 10) . We have recently dem onstrated (11) that arginine, which is known to stimulate insulin secretion in vitro (12, 13) and in vivo (14, 15) , given after an exhaustive exercise does not inhibit lipolysis. On the other hand, it has been reported that fructose has little effect on insulin secretion compared with glucose (16, 17) , and does not inhibit lipolysis in vivo (18) .
The purpose of the present investigation is to show the effects of combined fructose and arginine given during a bout of endurance exercise on the repletion of glycogen stores in liver and skeletal muscle and lipolysis in rats. We also examined the additive effect of citrate to fructose and arginine on glycogen repletion in the liver and muscles during exercise. Lipolytic activity of perirenal fat pad (Fig. 3 ) Basal lipolytic activity significantly increased during exercise, and was not affected by F+A or water administration. However, the G+A administration caused a marked reduction (p<0.05) in lipolytic activity, resulting in a significant difference between the values with G+A and either F+A (p<0.01) or water (p<0.01) 45 min after the administration. At 24:00h, the lipolytic activity showed comparable values in each group. Epinephrine-stimulated lipolytic activity was only slightly affected by administrations of these solutions, as shown in Fig. 3 . showed a significant repletion (p<0.05), but remained constant thereafter. There were significant differences between G+A and either F+A (p<0.05) or water (p<0.01) 45 min after the administration, and between either G+A (p<0.01) or F+A (p<0.05) and water 90 min later.
METHODS
Experiment 2 Serum glucose, insulin, FFA and glycerol concentrations (Fig. 5 ) Serum glucose concentrations in all the exercising rats showed a slight decrease during the latter half period of exercise. On the other hand, in the recovering rats, serum glucose concentration after F+A (p<0.05) and F+A+C (p<0.05) admin istration showed a significant decrease, but there was no significant change after G+A administration.
Serum IRI level was not affected by any type of fluid in either the exercising or the recovering rats.
Serum FFA concentrations were slightly elevated in all the exercising rats. On the other hand, in the recovering rats, serum FFA concentrations fell significantly (p<0.05) after G+A administration but remained unchanged after either F+A or F+A+C administration, resulting in a significant difference between G+A and either F+A (p<0.05) or F+A+C (p<0.01).
Serum glycerol concentrations also did not significantly change in the exercis ing rats. However, in the recovering rats, serum glycerol concentrations decreased significantly after administrations of G+A (p<0.05) and F+A+C (p<0.01). Glycogen stores in liver and soleus muscle (Fig. 6 ) Liver glycogen stores in the exercising rats remained unchanged during the latter half period of exercise. On the other hand, in the recovering rats, liver glycogen stores showed a significant increase after either F+A (p<0.05) or F+A+C (p<0.05) administration. But this increase was not observed after G+A administration. Consequently, there was a significant difference in liver glycogen content between G+A and F+A+C groups (p<0.05).
Soleus muscle glycogen stores in the exercising rats remained constant after all the fluid administrations, but at the end of the observation a significant difference between G+A and F+A+C groups (p<0.05) was discovered. On the other hand, in the recovering rats, soleus muscle glycogen contents after all the types of solu tions were administered showed a marked (p<0.001) increase. This increase was more pronounced in G+A than in F+A groups, resulting in a significant differ ence between these two groups (p<0.05).
DISCUSSION
The present study demonstrated that an exercise-induced reduction of glycogen stores in liver and skeletal muscle can be prevented with the administration of F+A as well as G+A. In addition, the F+A administration appeared not to have any inhibitory effect on exercise-induced lipolysis when compared with that after G+A administration. These results suggest that F+A administration during exercise is useful not only for sparing glycogen in the liver and muscle but also in supplying serum FFA to the exercising muscle.
In the present study, the effect of G+A and F+A administration was almost comparable on serum insulin levels during exercise (Fig. 2B ) or during either exercise or recovery (Fig. 5B) . These results suggest that stimulating the effects of glycogen synthesis by insulin might occur at almost the same extent after both G+A and F+A administration.
The results from the recovering rats (Fig. 6, A and B) showed that F+A administration appeared slightly more effective for liver glycogen repletion than G+A administration, while the latter seemed more effective for soleus muscle glycogen repletion than the former. Coni (23) and Bergstrom et al. (24) have reported that in rats and humans fructose can be more effectively used as a precursor for liver glycogen than glucose. However, it has also been pointed out (25) that fructose utilization by muscles is very small and administered fructose is mostly converted to glucose or its metabolites by liver, and are then released into the blood circulation. Therefore, the above difference observed in the muscle glycogen repletion in the recovering rats between G+A and F+A may partly be related to the slow supply of glycogen precursor to muscles after the administration of fructose.
The addition of citrate to F+A appeared to be more effective for sparing the liver and soleus muscle glycogen stores than does F+A, both during and after exercise. The similar effect of orally administered citrate on tissue glycogen repletion in exercising rats was observed previously (3).
In conclusion, the present study shows that the depletion of liver and skeletal muscle glycogen stores caused by endurance exercise has been prevented by the administration of F+A and G+A during the course of exercise, and that increased lipolysis during exercise was not so inhibited after F+A as compared to that after G+A. In addition, our results suggested that the glycogen sparing by F+A administration would be improved by the addition of citrate.
